Protected areas are important sources providing plant resources for human populations, and contributing to the livelihood and income of families. To test the ecological apparency hypothesis, that there is positive relationship between the visibility of a species and its use, we conducted an ethnobotanical survey in the protected area of the Itaúna rural settlement in the municipality of Planaltina, in the state of Goiás, in central Brazil. The phytosociological parameters were obtained in 5.6 ha area of the Brazilian cerrado (savanna), and the ethnobotanical survey conducted with semi-structured interviews with 75 people. There was a weak positive correlation between the use value and the phytosociological parameters. A principal component analysis showed that seven species (Pterodon pubescens, Hancornia speciosa, Hymenaea stigonocarpa, Eugenia dysenterica, Annona crassiflora, Stryphnodendron adstringens and Solanum lycocarpum) have high use value, despite having low density, dominance and frequency. Nineteen species showed a positive relationship between their use value and their phytosociological parameters. The relationship between vegetation structure and use value differed among species in the protected area, indicating that more attention should be paid to those under more pressure, with low abundance. Further studies of these seven species should be conducted to determine whether human pressure is affecting populations structures and to define management strategies. Acta Botanica Brasilica 27(3): 604-612. 2013.
Introduction
The main objective of ethnobotany is to understand the interaction between human populations and vegetation. Central to that understanding are the social and ecological contexts that influence the value of plants for people (Lawrence et al. 2005) . Accordingly, floristic and ecological data are quite important because they can contribute to a better understanding of the dynamics of the relationship between people and plant resources (Albuquerque et al. 2005) . Phillips & Gentry (1993a; 1993b) pioneered the research that describes the importance of plant species used by human populations, as measured by the use value (UV) of the species along with their density, dominance and frequency in an area of the Peruvian Amazon, based on the hypothesis of ecological apparency. This hypothesis, proposed by Feeny (1976) for studies of herbivory, suggests that the susceptibility of a plant to consumption by predators is also influenced by its abundance in the community (its ecological apparency). To refer to abundant plants, the author used the term "apparent" meaning visible, or evident. Therefore, a species with high dominance and availability in the vegetation tends to have a higher UV, which is a measure of its relative importance (Lucena 2009 ). In ethnobotany, corroborate or refute this hypothesis can contribute to the theoretical debate over the possible influence of environmental factors on cultures (Phillips & Gentry 1993b) . The ecological apparency hypothesis in the ethnobotanical context has been tested in search of variables able to predict the UV of species (e.g., Phillips & Gentry 1993b; Lawrence et al. 2005; Galeano 2000; Ferraz et al. 2006; Lucena 2009; La Torre-Cuadros & Islebe 2003) .
Understanding the variables that are related to the use of tree species can contribute to the maintenance of the vegetation in biomes which are quickly being converted to other uses. One example is the Brazilian Cerrado, the richest savanna in the world in terms of the number of species and the second largest Brazilian biome. The cerrado Acta bot. bras. 27(3): 604-612. 2013. is a global biodiversity hotspot with high endemism and a high rate of deforestation (Myers et al. 2000) . It also harbors the sources of the rivers that feed the São Francisco, Amazonas and Paraná basins, the three main basins of Brazil, and is home to 12,070 species of plants with high levels of endemism (34.9%) (Forzza et al. 2010) . Native vegetation has been removed to accommodate grain farming and livestock raising, mainly export-oriented, to the point that 48.5% of the vegetation had been destroyed by 2008 (www. mma.gov.br/portalbio, accessed on August 31, 2010 , and it is unknown how much of the remaining area is degraded due to unsustainable use (Scariot 2010) .
In the last two decades a significant number of agrarian settlements for landless farmers has been founded in the Brazilian Cerrado. By the end of 2009, the state of Goiás and the Federal District collectively had 442 agrarian reform settlement projects, occupying a total area of 11,289.54 km 2 (www.incra.gov.br, accessed January 20, 2011). However, there is a lack of information regarding the knowledge and use that farmers make of the biodiversity of the protected areas existing nearby at settlements, which is of particular importance, as these farmers hail from several different regions of Brazil with varying experiences and knowledge of the use of plants.
Studies relating the ecological apparency hypothesis have yet to be carried out in the agrarian reform settlements of the cerrado. Such studies could contribute to a better understanding of the settlers' relationship with the plant species of the protected area and, consequently, of their role in the conservation of the remaining vegetation.
As knowledge of these relationships may play a key role in the maintenance and management of biodiversity and the planning of settlements in the region, the aim of the present study was to test the ecological apparency hypothesis.
Materials and methods

Study area
The study was conducted in the Itaúna Settlement Project, located in the São Gabriel district of the municipality of Planaltina, in the state of Goiás (North: 15°09'02"S; 47°39'56"W-South: 15°15'34"S; 47°38'34"W-West: 15°11'44"S; 47°39'43"W-East: 15°11'18"S; 47°35'27"W), with a total area of 4126.8 ha (INCRA 2008) . According to the Köppen system of classification, the climate is type Cwa, with a rainy season (October through April) and a dry season (May through September). The average annual rainfall is 1500 mm. According to data provided by the Brazilian National Institute of Meterology, originating from the Águas Emendadas weather station in the Federal District, total rainfall amounts for 2009 and 2010 were 1707 mm and 1429 mm, respectively. The elevation in the settlement varies from 975 m to 1251 m. The settlement also contains a protected area with vegetation typical of cerrado sensu stricto, which occupies 25.6% of the area of the settlement and is in a reasonable state of conservation.
The settlement consists of 100 families, originating from all the five regions of Brazil. The first families arrived in the area in 1997, when the settlement was established, but the settlementwas officially founded only in 2007 (INCRA Ordinance . Agriculture is the main activity practiced by the settlers, and there are very few collective works in the settlement-as has been observed in several settlements in the area surrounding the Federal District of Brasília.
Data survey -To test the ecological apparency hypothesis, we used phytosociological data (Tab. 1) obtained through a forest inventory carried out in 56 randomly allocated plots, each measuring 20 × 50 m (total sample area of 5.6 ha) in the communal protected area , We sampled all tree individuals with a diameter ≥ 5 cm at 30 cm above the ground, and estimated density, dominance and frequency to test the ecological apparency hypothesis.
To obtain information on the uses of woody plants that occur in the protected area and on the social profile of the informants, between April and August of 2010 we conducted semi-structured interviews with the settlers, with free listing of the useful species of the reserve. In the interviews, we also collected socio-cultural data, such as level of education, length of residence in the settlement, city of birth, age and sex. Altogether, 75 people from 73 families were interviewed. Although we visited all 100 homes in the settlement, some residents were not present at the time of the visit (27 homes). The plants mentioned in the interviews were collected with the aid of three key informants and deposited in the Herbarium of Embrapa Genetic Resources and Biotechnology (code, CEN), a unit of the the Brazilian Agricultural Research Corporation (Embrapa), located in the city of Brasília. Specimens were identified by specialists, by technicians and through comparisons with herbarium vouchers. Upon completion of the interviews, we used herbarium specimens and photographs as visual stimuli with informants who cited species that presented with homonyms (the same common name to denote different plant species): Byrsonima verbascifolia, Byrsonima crassifolia, Byrsonima coccolobifolia, Pterodon pubescens, Bowdichia virgilioides, Machaerium opacum, Dalbergia miscolobium, Psidium laruotteanum and Psidium myrsinoides. Although the use of stimuli, such as herbarium specimens and photographs, can sometimes make it difficult for the informants to identify the species , they were important in the present study as it enabled analyses to be performed at the species level, rather than just at the level of genus or ethnospecies.
Data analysis -The plants mentioned in the interviews were grouped into five categories of use commonly adopted in ethnobotanical studies: food, firewood, construction, medicinal and veterinary. The UV was calculated for each species, botanical family and category of use, as well as for each species in each category of use, with the indices proposed by Phillips and Gentry (1993a) , as modified by Rossato et al. (1999) and Galeano (2000) :
where UVs is the use value for each species, Us is the number of uses mentioned for each species, ni is the total number of informants, UVc is the UV of a category, UVsc is the UV of each species in the category, and Usc is the number of uses for each species listed in the category. The UV of each botanical family was calculated by summing the UV values of the species within the family (Galeano 2000) . To minimize the limitations of the UV indicated by Stagegaard et al. (2002) , who suggested that the increase of the estimates may be related to potential uses never realized, the informants were asked to cite species from the protected area that they actually used and not those of which they merely knew. The differences between use categories were tested by the Kruskal-Wallis test. The herbaceous, shrub, exotic and palm species mentioned were not included in the analyses.
To evaluate the possible correlation between the use of woody plants and their availability in the environment (ecological apparency hypothesis), as expressed by phytosociological parameters, we applied the Spearman correlation test, using BioStat, version 4.0 (Ayres et al. 2005) . Species cited as useful but not sampled in the forest inventory were disregarded. The correlation analysis was performed considering the UV of each species and the UV of all species in each use category individually. It was not possible to perform regression analysis due to a lack of data normality.
To check the influence of the phytosociological parameters and of the UV on the formation of groups of similar species, we performed a principal component analysis (PCA) with the program R (R Development Core Team, 2008) and the Vegan package (Oksanen et al. 2008) . In this analysis we removed species that occurred in the protected area but were not used by the settlers and those used but not sampled in the forest inventory.
Results
Use of resources
The informants cited 48 useful species, distributed in 42 genera and 24 families, and 36 of those species occurred in the forest inventory of the protected area. The remaining 12 species cited were not sampled because they are rare in the area, occurring in gallery forests or are, in general, of low frequency, not reaching the threshold for inclusion used in the forest inventory. Among the species cited, the informants reported that 61.2% were of medicinal use, 57.1% were used for firewood, 32.6% were of food use, 32.6% were of veterinary use and 22.4% were used in construction. The category with the highest UV was food use (UV=5.1), which accounted for 40.1% of the specific uses cited and differed significantly from the other categories (H=15.9; p<0.01). According to the informants, the part of the plant most often used was the fruit (49.8%; H=20.8; p=0.0009), followed by the wood (23%) and the outer bark/inner bark (15.5%).
The Fabaceae family had the highest number of species considered useful (11 species) and accounted for the largest proportion of use citations (36.7%), followed by Apocynaceae (10.1%), Malpighiaceae (8.5%), Caryocaraceae (7.9%) and Myrtaceae (7.7%). The plant resources of the cerrado are mainly used for household consumption, and commercialization occurs only with the fruits of Annona crassiflora and Pterodon pubescens in nearby markets and by only 5.3% of the informants.
The highest UV values were recorded for Pterodon pubescens (1.2), Hancornia speciosa (1.2), Hymenaea stigonocarpa (1) and Caryocar brasiliense (1). Twenty-five species presented very low UV values (< 0.1), and only 15 species had a UV higher than 0.3 (Tab. 1).
Ecological apparency and use of forest resources
Among the eight species with an importance value ≥ 10 (IV, represented by the sum of the relative phytosociological parameters), only Sclerolobium paniculatum, Caryocar brasiliense and Qualea grandiflora had 10 or more citations of use, corresponding to a UV ≥ 0.13.
The mean UV was found to correlate positively with the individual means for density (rs=0.43, p=0.0001), frequency (rs=0.45, p<0.0001), dominance (rs=0.46, p<0.0001) and IV (rs=0.47, p<0.0001) of the species. This result indicates a trend for the most abundant species to be the most used, and to have a greater number of uses. However, no significant correlation was detected between the UV values of the species by use category and density, frequency and dominance. This result suggest that it is not the environment, but rather other variables associated with individual criteria adopted by the informants that are influencing the use of species in the Itaúna Settlement Project. The correlation between the UV of plant families and density (rs=0.36, p=0.05), fre-quency (rs=0.41, p=0.03) and dominance (r=0.40, p=0.03) were weak, indicating that use is not strongly correlated with the ecological apparency of the plant families in the area.
Among the four species with the highest UV values (≥ 1), only Caryocar brasiliense also had a high IV (14.21), whereas Pterodon pubescens Hancornia speciosa and Hymenaea stigonocarpa had lower IVs (2. 96-5.46 ). Among the eight species with an IV ≥ 10, except by C. brasiliense and Sclerolobium paniculatum which had a UV = 0.93, the other six species (Qualea parviflora, Davila elliptica, Kielmeyera coriacea, Ouratea hexasperma, Qualea grandiflora and Pouteria ramiflora) presented UV values ranging from 0.01 to 0.35, lower than would be expected given their ecological apparency (Tab. 1).
Although we identified a relationship between the ecological apparency and use value of the woody plants of the protected area, the PCA showed that, for 14 species, use was inversely proportional to the values of density, frequency and dominance, as can be seen in Fig. 1. This biplot figure, with the scores and associated weights, shows that there are two principal components, representing 55.6% of total variance, the first explaining 42.6% and the second explaining 13.0%. This representation demonstrates the ability of the first principal component to distinguish between species according to apparency, or phytosociological parameters (density, frequency and dominance) and that of the second principal component to distinguish between species by UV. On the left are located the species with higher density, frequency and dominance. Above the horizontal line are the species with the highest use value. As can be seen, four species clusters were formed. The first cluster showed a negative relationship between use value and apparency and consists of seven species (Pterodon pubescens, Hancornia speciosa, Hymenaea stigonocarpa, Annona crassiflora, Eugenia dysenterica, Stryphnodendron adstringens and Solanum lycocarpum) with medium and high UV values and medium to low density, frequency and dominance values. The second cluster is characterized by a positive relationship between apparency and use value, and has two species (Caryocar brasiliense and Sclerolobium paniculatum) with high UV, density, frequency and dominance values. The third cluster, with seven species of high apparency and low use value, comprises Byrsonima coccolobifolia, Salacia crassifolia, Qualea grandiflora, Pouteria ramiflora, Ouratea hexasperma, Kielmeyera coriacea and Dalbergia miscolobium. The fourth cluster is characterized by a positive relationship between species of low use value and apparency. It is the largest cluster, with 17 species, composed of Bowdichia virgilioides, Lafoensia pacari, Byrsonima crassifolia, Psidium laruotteanum, Palicourea rígida, Strychnos pseudoquina, Dimorphandra mollis, Psidium myrsinoides, Schefflera macrocarpa, Styrax ferrugineus, Vochysia rufa, Acosmium dasycarpum, Machaerium opacum, Tocoyena formosa, Himatanthus obovatus, Vochysia thyrsoidea and Agonandra brasiliense. Qualea parviflora and Davilla elliptica were removed from the PCA as outliers, with densities much higher than the other species. Byrsonima verbascifolia did not fit into any of the four clusters, as it presented moderate values for UV, density, frequency and dominance.
Discussion
Use of resources
Hancornia speciosa, Caryocar brasiliense and Sclerolobium paniculatum, which in this study presented the highest UV values, are of significant importance to the informants, similar to the importance found in the north of the state of Minas Gerais for timber and fruit species (Lima et al. 2012) . Likewise, plants of the Fabaceae family were the most mentioned by a human population of the cerrado in the state of Mato Grosso (Moreira & Guarim-Neto 2009) and by the informants of the Itaúna Settlement Project (in the present study). This similarity in results may be an early indication of a pattern of species and plant families most important to human populations within the cerrado biome.
Unlike the Amazon rain forest, where 40% of the uses of woody plants have been found to be timber-related (Galeano 2000) , and the Caatinga biome, where timber products also seem to be one of the most important usage groups for the inhabitants of the region (Albuquerque et al. 2005; Lucena et al. 2007; Ramos et al. 2008; Ramos and Albuquerque 2012) , the Cerrado does not show a high proportion of timber-related uses of woody plants, its inhabitants using such plants for their food potential. This may reflect the characteristics of cerrado trees, which, due to the tortuosity of their trunks and their small stature, are not always suitable for logging The cerrado trees can, however, be used as fuel (firewood and charcoal), which does not require the same characteristics, and on a smaller scale for construction projects, such as fences, corrals and huts.
Species with higher UV values were frequently cited for the use of their fruits, such as Pterodon pubescens, whose fruits are used as an antibiotic, and Hancornia speciosa and Caryocar brasiliense, whose fruits are used for food. Despite the availability of species with fruits be less throughout the year, compared to plants that offer medicinal and timber resources, this use was more widespread and had higher UVs.
As in the Itaúna Settlement Project, human populations studied in other areas have presented many uses concentrated in a few species and few uses for many species (Albuquerque & Andrade 2002; Albuquerque et al. 2005; Ferraz et al. 2006; Galeano 2000; Luoga et al. 2000; Mutchnick & Mccarthy 1997; Phillips et al. 1994; Stagegaar et al. 2002) . Although the number of useful species with few citations of use tends to increase with the number of respondents, it is possible that many of the differences between the results reported in the literature are artifacts created by samples with different numbers of informants (Phillips et al. 1994) .
Approximately half (49.3%) of the species in our forest inventory were reported to be useful by the informants, more than a study observed in the Caatinga, where only 32.75% of the species were reported to be useful (Albuquerque et al. 2005) . Research more focused on a particular category of use has the ability to enrich the list of useful plants (Monteiro et al. 2008 ) and, therefore, more detailed studies need to be done, possibly using other methods to obtain higher species richness of useful plants in the region. Consequently, the seasonal categories of use, such as food and medicinal categories, must be evaluated over the course of a year.
Ecological apparency and UV
As observed in the present study, the UV was found to correlate positively with phytosociological parameters (density, frequency and dominance) in a rural community in the Caatinga of northeastern brazil (Lucena 2009 ). However, in a transitional forest in Mexico, the correlation between the cultural importance of species, expressed by the UV, and their availability, expressed by the IV, was found to be weak (La Torre-Cuadros & Islebe 2003) . Studies conducted in regions with marked climatic seasonality have not found strong or significant correlations between these variables (Albuquerque et al. 2005; Ferraz et al. 2006; Lucena et al. 2007; Ramos et al. 2008) . In the Itaúna Settlement Project, an area also characterized by striking climatic seasonality, we detected a weak trend for the most apparent species to be the most used. Therefore, it is not yet possible to assert that the ecological apparency hypothesis holds for the Cerrado biome. In addition, the lack of other studies testing this hypothesis in the Cerrado makes it impossible to compare results across studies.
In a study of the vegetation of a transitional forest in Mexico, La Torre-Cuadros & Islebe (2003) found that not all species were used according to their availability. In the present study, the relationship between the use and abundance of plants was negative for 14 species used by the settlers, and seven of them (Pterodon pubescens, Hancornia speciosa, Hymenaea stigonocarpa, Annona crassifolia, Eugenia dysenterica, Stryphnodendron adstringens and Solanum lycocarpum) should preferentially be monitored, as they present high UV values and low density, dominance and frequency. It is not possible to assert that these species are suffering strong pressure due to use, given that no data were collected on the human management practices and environmental conditions over space and time that the harvesting occurs. The fact that these species are not ecologically apparent may be related to other factors, such as fire, which regularly affects part of the vegetation of the protected area of the settlement, or might even be because they are species occurring in low densities in. The high use value attributed to these seven species, despite their low abundance in the area, shows that they are widely known species and are of great importance for the region. Similarly, Lucena (2009) found many species of high use and low density in the areas studied in the Caatinga and did not attribute this result to the pressure of use, because species may have natural low densities and a high versatility of uses does not necessarily indicate anything regarding the actual collection and use of the resource.
Of the seven species with a high UV and low apparency in the protected area, six are used as timber, which is more destructive than other uses. The UV for these six species was more significant in the firewood category than in the construction category, which reduces the impact on the population, because the settlers often use dry fallen branches as firewood-no living organisms are cut. For the same reason, the collection of firewood was found not to be the major cause of deforestation in an area of Tanzania (Luoga et al. 2000) .
Of the 19 species that showed a positive correlation with apparency, Caryocar brasiliense and Sclerolobium paniculatum are abundant in the protected area and heavily used by the informants for its valued fruit and wood for firewood and construction, respectively. The "charcoal tree" (S. paniculatum) is widely used as firewood and for civil construction in the rural areas (Oliveira et al. 2008) . In an area of cerrado in the state of Maranhão, the "charcoal tree" showed the highest recruitment rate and annual diameter growth among 12 native species (Aquino et al. 2007) , which may explain the high abundance of the species in the protected area. However, it also presented the second highest mortality rate (Aquino et al. 2007) , which may also explain the high use of S. paniculatum for firewood in the Itaúna Settlement Project. C. brasiliense had low mortality, growth and recruitment in an area of cerrado in the north of Minas Gerais (Oliveira 2009 ), and because of its high density, the high UV based on fruit harvesting mainly does not seem to compromise this species persistence in the area.
Cultural factors determine the nature of plant use, and the most abundant species are not always the most important (Lucena et al. 2007) , because the use varies among cultures (Phillips et al. 1994) . In the caatinga, preference, rather than availability, acts as selection criteria for a given plant to be used as firewood (Ramos et al. 2008) . This seems to occur in the cerrado as well, where species of widespread use, such as Hancornia speciosa, Eugenia dysenterica, and Pterodon pubescens, seem not to have a use necessarily related to the abundance of those species in the area but rather to the importance that the plants have for the local populations. However, species that have a high UV today, although of low current importance, may have been abundant in the past, so their large number of uses may reflect an ecological apparency from previous eras. The large quantity of migrants may also partially explain the fact that some of the more abundant and dominant species are not the most used, because people attribute uses to plants from their experiences in other environments, bringing with them this knowledge of other types of vegetation.
Conclusion
There are still no clear standards that would clarify the factors that influence the relationship between people and plant use. The few studies that have tested the ecological apparency hypothesis did not reach a consensus, although there was an indication that the hypothesis is valid for the Amazon biome and not for the caatinga.
There is a weak trend for phytosociological parameters to correlate positively with the use value, which may be due to the fact that usage information is related to the environment of origin of the settlers and not to the Itauna protected area. Accordingly, further studies are needed in order to test the ecological apparency hypothesis in different human settlements, seeking to further clarify aspects of the relationship between plant availability and local use of native species in the Cerrado biome.
